Aeromonas hydrophila strains recovered from clinical samples and ambient sources were phenotypically and genetically identified. In addition, the distribution of putative virulence factors was assayed. To determine the genetic diversity of these strains, random amplification of polymorphic DNA (RAPD) and enterobacterial repetitive intergenic consensus (ERIC)-PCR markers were used. The discriminatory ability of the techniques, using SimpsonÕs index, was 0.96 for both methods. The most consistent dendrogram was obtained when RAPD and ERIC data were combined. The genetic diversity revealed a high intra-specific genetic diversity (h = 0.364 ± 0.024 and I = 0.538 ± 0.030). The strains showed a tendency to cluster according to their origin of isolation (bestcut test 0.80 and bootstrap values >50%). The present study demonstrates and quantifies the high intra-specific diversity within this species and reveals a clear differentiation of strains according to their ecological origin. The distribution of virulence-related genes confirm that A. hydrophila is a genetically heterogeneous species that harbour ecotypes which have different pathogenic potential to human and other animals.
Introduction
The genus Aeromonas comprises non-motile psychrophilic and motile mesophilic gram-negative bacteria [1] and, currently, includes 15 species [2, 3] . Aeromonas are native of aquatic environments, and are frequently found in foods, including meat, fish, vegetables, fresh and sea water [4, 5] . Aeromonas hydrophila has been associated as an agent of gastrointestinal and extraintestinal infections in humans [6, 7] and with necrosis, septicaemia, and ulcerative diseases in cold-blood animals [7, 8] . This species displays an extremely heterogeneous biochemical response [9] and variable antigenic structure [10] . Some strains produce several potential virulence factors, including adhesins, exoenzymes, hemolysins, and other enterotoxins, as well as the most recently ADP-ribosyltransferase toxin encoded by the aexT gene and secreted by a type III secretion system (TTSS), which can be used as markers of virulence [2, 11, 12] .
Several typing studies, involving a low number of phenotypically identified A. hydrophila strains from clinical and environmental samples, have been performed [13] [14] [15] [16] [17] [18] [19] [20] . A wide variety of patterns, a low level of similarity amongst strains, and no clear associations amongst strains according to their geographic origin, source or associated disease have been detected. Given the lack of a genetic identification of the strains used in these studies [2, 21, 22] , the serious limitations of the phenotypical identification of A. hydrophila strains and hence the high risk of species misidentifications, it is possible that strains other than A. hydrophila were included in these previous studies [2, 9, 23] .
In other Aeromonas species, such as Aeromonas veronii, the analysis of intergenic 16S-23S rDNA RFLP data suggested that this species belongs to a relatively homogeneous phylogenetic line and no relationship was found amongst the isolated strains from different samples (faeces and water) or sources (hospitals or aquatic locations) [24] . Furthermore, a collection of Aeromonas popoffii strains from several countries showed genetic proximity and clustering according to their geographical origin [25] . In contrast, the analysis of Aeromonas salmonicida classical strains showed that they come from a clonal population, whereas the atypical strains are genetically heterogeneous [26] .
Molecular tools have not been employed to understand the genetic structure or species demarcation in populations of A. hydrophila. Thus, it is important to know whether the same strains that are able to infect humans and fishes are autochthonous of aquatic environments or whether ecotypes and pathovars can be defined in A. hydrophila.
In this study 31 A. hydrophila sensu stricto strains, from clinical and environmental samples, were identified by phenotypical and genetic methods, and the distribution of several putative virulence factors was determined. Typing of the strains was performed by RAPD and ERIC methods; their genetic intra-specific diversity was calculated using ShannonÕs and NeiÕs indexes, and a similitude tree was built to represent the relationships amongst subpopulations. In addition, SimpsonÕs index was calculated to evaluate the discriminative power of the methods used.
Materials and methods

Strains
A total of 31 A. hydrophila strains from the collection of the Medical Bacteriology Laboratory (Escuela Nacional de Ciencias Biologicas), isolated from clinical (22/31), water (7/31) and fish samples (2/31) were studied ( Table 1 ). The typed strains for A. hydrophila ATCC7966 T , A. bestiarum ATCC51108 T , and A. salmonicida subsp. salmonicida ATCC33658 T were obtained from the Spanish Type Culture Collection and used as outgroups. All strains were maintained for short periods at room temperature on blood agar base slants and, for longer storage, they were either frozen at À70°C in 20% (w/v) glycerol-Todd-Hewitt broth (Oxoid, Madrid, Spain) or lyophilised in 7.5% horse glucose serum.
Biochemical identification
Strains were analysed employing an automated phenotypic method following the manufacturerÕs instructions (Vitek ASM, bioMérieux, Marcy lÕEtoile, France). In addition, esculin hydrolysis, beta haemolysis in sheep blood agar, and glucose gas production tests were performed as complementary tests to complete the identification. Additional phenotypic tests were used to identify the subspecies ofA. hydrophila (acid production from salicin, sucrose, and L-L-arabinose, and use of
L-arabinose, and a-methyl D D-mannoside as only carbon source) [27] .
DNA extraction
All the cultures were grown on tryptic soy agar at 30°C for 18 h. The genomic DNA of each strain was obtained through InstaGenee Matrix (Bio-Rad Laboratories, Richmond, CA) according to the instructions provided by the manufacturer. The DNA was quantified using a GeneQuant pro spectrophotometer (Amersham Pharmacia Biotech, Cambridge, England).
Molecular identification
The cultures were genetically identified by the previously described 16S rDNA-RFLP analysis [21, 28] .
RAPD-PCR
PCR based procedures were performed in a thermocycler (Perkin-Elmer Version 2). The primers used in independent amplifications were OPB1, 5 0 -GTTTCGCTCC-3 0 ; OPB7, 5 0 -GGTGACGCAG-3 0 ; and OPB17: 5 0 -AGGGAACGAG-3 0 , previously described [14] . The PCR was performed in a final volume of 25 ll containing 100 ng of template DNA, 20 mM Tris-HCl (pH 8.4), 50 mM KCl, 1 lM primer, 200 lM of each dNTP, 3.6 lM MgCl 2 , and 2 U of Taq DNA polymerase. The amplification conditions were: initial denaturation for 5 min at 94°C; 45 cycles of 1 min at 94°C, 2 min at 36°C and 2 min at 72°C; and a final extension of 5 min at 74°C. Samples of 12 ll Final Identification Gas production of: of each PCR end-product were analysed by 2% agarose gel electrophoresis performed with 1X Tris-acetate buffer (0.04 M Tris-acetate, pH 8.4, 1 mM EDTA) at 100 V for 2.5 h. A 100-bp ladder DNA molecular marker was included in each electrophoresis (Gibco-BRL, Gaithersburg, MD). The gels were stained with ethidium bromide solution (0.5 lg/ml), visualized on a UV light transilluminator, photographed and digitalized.
ERIC-PCR
The reaction was performed as previously described [29] .
ERIC and RAPD data analysis
To obtain a clear representation of molecular markers, RAPD and ERIC data were coded, analysed, and compared independently (data not shown), but data for all molecular markers were combined in a final analysis. Each amplified product revealed by electrophoresis was recorded as binary data, presence (1) and absence (0): an initial matrix of 0 and 1 was constructed. The genetic similarities amongst isolates were calculated from the matrix data using the simple matching (SM) index [30] . The cluster analysis was performed by mean of the unweighted paired group method using arithmetic average (UPGMA) [31] . The statistical robustness of the inferred tree was estimated by means of the cophenetic correlation coefficient (CCCr) [31] [32] [33] , bootstrap (J. Felsenstein, Department of Genome Sciences, University of Washington, Seattle, WA. 1987), and best-cut test [34] . Dendrogram branches with bootstrap values higher than 50% and relationships on the right side of best-cut-test vertical line were considered significantly supported. All of these analyses were made with the NTSYS-PC software, version 2.02j [35] and PHY-LIP ver. 3.6 software (J. Felsenstein, Department of Genome Sciences, University of Washington, WA). The genetic diversity of all strains (n = 31) and subpopulations (clinical, extraintestinal, water, and fish) was estimated using two different methods, the ShannonÕs index [36] and the Nei [37] method using the Popgene software (Molecular Biology and Biotechnology Centre, University of Alberta and Centre for international Forestry).
The discriminatory power of a typing method is its ability to distinguish between unrelated strains or the probability that two unrelated strains will fit into different typing groups when two different methods are used. The discriminatory powers of both techniques used in this work, RAPD and ERIC, was calculated by the SimpsonÕs index which range from 0 to 1, where a value of 0 indicates no discrimination, and a value of 1 indicates that every strain can be discriminated [38] .
Genetic detection of putative virulence genes
PCR-based methods have been used to detect virulence-related Aeromonas spp. genes. The previously described primers and PCR conditions were used for the specific amplification of aerolysin/haemolysin (aer/ hem), serine protease (aspA), glycerophospholipid Fig. 1. RAPD cholesterol acyltransferase (gcat) [39] , A. salmonicida exoenzyme T (aexT) [40] , and a gene encoding an inner membrane component of the TTSS (ascV) [39] . However, the primers used for the amplification of cytotonic heat-labile enterotoxin (alt), cytotonic heat-stable enterotoxin (ast), and lateral flagella (lafA1 and A2) genes were selected using Primer Designer 3 software (Table 3 ) (Scientific Educational Software, Durham, USA) from multiple alignments obtained from the National Center for Biotechnology Information database sequences (NCBI) through CLUSTAL X software. The specificity of the selected primers was examined by nucleotide-nucleotide BLAST in the NCBI.
For the PCR reactions, a final volume of 50 ll contained 3 lg of template DNA, 1X PCR buffer, 0.3 lM of primers, 0.3 lM of each dNTP, 1.8 lM MgCl 2 , and 2.5 U of Taq DNA polymerase. The specificity of the amplified products was verified by sequencing with an ABI-Prisme 310.
Results
Biochemical and genetic identification
All 31 strains were phenotypically identified by means of the Vitek system and complementary test. The results showed that they belonged to A. hydrophila or A. hydrophila/A. caviae species ( Table 1) . The genetic identification, based on 16S rDNA-RFLP profiles, confirmed that all of the strains were A. hydrophila. The additional phenotypic tests identified all of the strains as A. hydrophila subsp. hydrophila.
RAPD and ERIC analyses
RAPD and ERIC data analyses of 167 and 92 polymorphic and reproducible DNA fragments, respectively, revealed that, regardless of the used method, none of the A. hydrophila strains produced a RAPD or ERIC profile similar to those of the Aeromonas spp. type strains. In both analyses, the number of amplified fragments varied amongst strains, except in two pairs of strains 105H/ 106H and 5H/6H, which showed identical profiles. The rest of the strains did not show similar RAPD or ERIC fingerprintings, although some markers were widespread for A. hydrophila (Figs. 1 and 2) . The discriminatory ability of both RAPD and ERIC, estimated by SimpsonÕs index of diversity, was high (D = 0.96).
Data obtained with both methods produced consistent dendrograms (data not shown) (CCCr = 0.91, P = 0.002 and CCCr = 0.94, P = 0.002, respectively). However, a more consistent dendrogram (CCCr = 0.96, P = 0.0020) was obtained when all of the polymorphic molecular data were included in the same analyses (Fig. 3) . Several groups of A. hydrophila were recognized on the dendrogram since the strains were clearly clustered according to their origin of isolation (human intestinal and extraintestinal samples, frozen fish, and freshwater) (Fig. 3) . The best-cut test (0.80) and bootstrap values (>50%) support these clusters. The strains from human intestinal samples formed the most variable group (<0.75), whereas the other strains showed groups more similar with SM index values above 0.75. The culture collection type strains A. hydrophila ATTC7966 T , A. bestiarum ATCC51108 T and A. salmonicida ATCC33658 T showed low similarity values, and were integrated into the independent clusters.
The values of genetic diversity estimated from RAPD, ERIC, and RAPD + ERIC data are shown in Table 2 . Obviously, different diversity values were obtained with the two indices used. However, the NeiÕs and ShannonÕs genetic variation within the populations for RAPD (h = 0.363 ± 0.022 and I = 0.540 ± 0.026), ERIC (h = 0.365 ± 0.027 and I = 0.534 ± 0.035), and RAPD + ERIC (h = 0.364 ± 0.024 and I = 0.538 ± 
Genetic detection of virulence factors
The distribution of putative virulence genes amongst A. hydrophila isolates (n = 31) was explored (Fig. 3) . In brief, the most widespread genes were gcat (n = 30%, 96.7%), ast (n = 30%, 96.7%), aer/hem (n = 25%, 80.64%) and lafA (n = 26%, 83.87%). The lafA gene was not observed amongst extraintestinal isolates, but it was presented in almost all strains from other origins. With the exception of one waterborne strain, the alt gene (n = 19%, 61.29%) was exclusively found in diarrheic isolates. In contrast, the asp A gene (n = 18%, 58.06%) was distributed irregularly, mainly amongst the strains from clinical origin. The aexT and ascV genes (each n = 8%, 25.80%) were basically found amongst environmental isolates, only one clinical strain harboured both genes.
Discussion
In previous studies, small collections of phenotypically identified A. hydrophila strains had been typed for epidemiological, ecological, and taxonomic purposes [11, 14, [16] [17] [18] . Although the variety of genotypes found suggests that a high genetic diversity exists within the species, there has been no analysis of a significant number of polymorphic molecular markers using appropriate statistical tools [13, 18, 19] .
Typing and intra-specific diversity studies require phenotypic and genetic tests [2, 9, 41] for an unequivocal strain identification to species level. Several previous typing and molecular epidemiological studies of A. hydrophila populations did not include a genetic method to confirm the identity of the strains [13, 18, 19] . In the present study, the misidentification problem was solved by applying the 16S rDNA RFLP method, which is a highly reproducible confirmatory test of phenotypic methods [21, 28, 42] and confirms the limitations of commercial systems previously recognized [4, 23, 25] .
Recently, molecular techniques have been used as typing procedures for epidemiological studies of clinical and environmental Aeromonas strains [15, 16, 18, 19, [24] [25] [26] [43] [44] [45] . In this work, RAPD and ERIC confirmed their discriminatory power to distinguish clones amongst the analysed isolates (29 genotypes from 31 strains). Only two pairs of strains, isolated from patients living in different locations, were clonally related since they displayed identical profiles with both methods. The SimpsonÕs index used to compare both typing methods showed that RAPD and ERIC were highly discriminatory.
Although there are some arguments against the reproducibility of PCR-based typing methods [46] [47] [48] [49] , in the present study, these methodologies were highly reproducible in overall banding patterns and band repetition. These results agree with the excellent correlation, not statistically validated, between RAPD and ERIC methods reported recently in typing A. hydrophila studies [16, 45] .
Previous reports have shown that RAPD profiles generated from A. salmonicida subsp. salmonicida strains reveal genetic homogeneity amongst strains from several locations, whereas the A. hydrophila strains show a relatively high diversity, as inferred from the number of observed genotypes [13] . The intra-specific diversity of A. hydrophila strains generated by RAPD and ERIC obtained in this work was high (h = 0.3644 and I = 0.5388), quantifying for first time the suspicion that there is considerable diversity within this species. Thus, Table 3 Sequence of the primers designed for the detection of different virulence factor genes Gene GenBank Accession no. RAPD and ERIC profiles should not be used to differentiate species; rather their use as a typing tools should be supported [13, 14, 16, 25, 26, 43, 45] . Recently, genetic diversity values of Aeromonas species using MLEE data were estimated [50] . However, comparison with our study is not valid since their diversity values were generated with different molecular markers and only six strains of A. hydrophila were included in the NeiÕs diversity index calculations (H = 0.622). To our knowledge, other estimations of diversity within populations of A. hydrophila species have not been reported.
The pathogenicity of Aeromonas spp. has not been elucidated yet. However, a complex virulence mechanism involving adherence and several virulence factors has been considered [2] and the expression of the eight genes studied in this work has been associated to virulence (lafA, aer/hem aspA, gcat alt, ast aexT and ascV) [11, 12, 39, [51] [52] [53] [54] [55] .
A major event in the colonization and establishment of A. hydrophila in the host is the adherence promoted by pilus and lateral flagella coded by laf genes. The distribution of the gene was wide amongst the diarrhoea and environmental isolates, but an amplified product from extra-intestinal subpopulations could not be obtained. A similar result was obtained with the other virulence-associated aexT, ascV and alt genes. Thus, these genes do not seem to have a relevant role during an extra-intestinal infection: other virulence determinants are probably involved in specific adherence to other kinds of epithelial host cells.
Previous work demonstrated that GCAT, coded by the gcat gene, is activated by a serine protease, coded by aspA [56, 57] and that there is a strong correlation between their presence or absence. However, in this work, although most strains maintained the gcat gene, in many strains the asp A gene was not detected. In this context, our results agree with a previous report that there is no statistically significant correlation between them [53] . An alternative pro-GCTA processing mechanism might exist amongst A. hydrophila clinical strains. The gcat gene is widely distributed not only in the currently studied strains, but also in other Aeromonas species. It has even been proposed as a genus-specific probe [58] .
Typically the A. hydrophila species are considered to be b-haemolytic strains. Nevertheless, in a third of the clinical strains, our PCR experiments failed to amplify the aerolysin/haemolysin genes, including aerolysin, aerolysin/haemolysin, haemolysin and cytolytic enterotoxin. Since all the strains showed a haemolytic activity on sheep blood (data not shown), this phenotype could be attributed to the activity of a product of hlyA/haemolysin genes [2] . A higher proportion of aerolysin/hemolysin genes amongst clinical strains have been observed than amongst environmental strains [53] .
A synergistic relationship to produce watering diarrhoea between alt and ast genes has been recognized [54] ; in our work, this association can also be clearly observed amongst the diarrhoea-origin strains. Whereas the alt gene was mainly detected in strains from diarrhoea, theaexT and ascV genes were basically found among environmental strains. In contrast, a high proportion of aexT and ascV genes amongst intestinal and extraintestinal strains, has been found [40] .
The different proportions of putative determinants of virulence found in strains isolated from Mexico suggest a distribution depending of the geographical location, as described previously [54, 59] . Also, the presence of putative virulence genes provides evidence that each subpopulation could use a different mechanism to colonize or infect their specific host.
The observed difference amongst the isolated strains from water and those isolated from human intestinal samples suggests that A. hydrophila could hold different and isolated ecotypes; concordant with the concept of species, these are subpopulations holding different ecological niches [50, 60] . This observation could have major clinical and epidemiological implications, since the strains from water (water ecotype) displays a wide putative virulence potential, more studies are necessary to evaluate the real pathogenic risk of these environmental strains to humans. And, whether the putative virulence genes of A. hydrophila have an adaptative potential or physiological role in an aquatic environment is still unknown. Thus, strains isolated from water could be relevant to human infection only when the water has been recently contaminated with human or animal faeces.
